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Polypoid and papillary epithelial hyperplasia: A potential cause
of ductal obstruction in adult polycystic disease. In experimental
models of cystic renal disease, functional studies define condi-
tions that suggest increased resistance to outflow from dilated or
cystic nephrons. Morphologically, models exhibit foci of cellular
hyperplasia and micropolyp formation along outer medullary col-
lecting tubules. Temporally, cellular proliferation precedes cyst
formation. These findings in models have led to a hypothesis that
polypoid hyperplasia participates in cyst formation in susceptible
kidneys by increasing resistance to the outflow of tubular urine.
The present study was undertaken to establish the presence, ex-
tent, and distribution of cellular hyperplasia in human adult poly-
cystic kidney disease. Kidneys from four unrelated individuals
were studied by light and by transmission and scanning electron
microscopy. Foci of hyperplasia were found in all. Cellular and
subcellular detail and the location of hyperplasia along the neph-
ron were similar to those seen in the models. These findings de-
lineate a heretofore unappreciated morphologic similarity be-
tween the models and human disease and add further support to
the hypothesis that partial tubular obstruction participates in the
pathogenesis of renal cystic disease, whether it be heritable or
acquired, in animals and in man.
Hyperplasie épithéliale polypolde et papillaire: Une cause pos-
sible d'obstruction dans Ia maladie polykystique de l'adulte. Dans
les modéles expérimentaux de maladie kystique du rein les
etudes fonctionnelles suggêrent une augmentation de Ia résis-
tance a l'écoulement des néphrons dilates ou kystiques. L'étude
morphologique des modèles montre des foyers d'hyperplasie cel-
lulaire et de formations polypoides le long des canaux collecteurs
dans la médullaire externe. La proliferation cellulaire précêde la
formation de kystes. Ces constatations sur modèle ont conduit a
l'hypothese scion laquelle l'hyperplasie polypoide participe a Ia
formation de kystes rénaux en augmentant la résistance a
l'dcoulement de l'urine. Ce travail a pour but d'étudier la pré-
sence, l'importance, et Ia distribution de l'hyperplasie cellulaire
au cours de Ia maladie polykystique de l'adulte. Les reins de
quatre individus non apparentés ont été étudiés en microscopic
photonique et en microscopie électronique a transmission et a
balayage. Des foyers d'hyperplasie ont été trouvés dans tous les
cas. La localisation de l'hyperplasie Ic long du néphron et les
caractéristiques cellulaires et subcellulaires étaient semblables a
ce qui a été observe dans les modèles. Ces constatations établis-
sent une similitude morphologique, inconnue jusqu'à cc jour,
entre les modèles et Ia maladie humaine et apportent un argu-
ment en faveur de l'hypothèse scion laquelle l'obstruction tubu-
laire partielle participe a la pathogenie de Ia maladie poly-
kystique, qu cue soit héréditaire ou acquise, chez l'animal et
chez l'homme.
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Adult polycystic disease has long been recog-
nized as a heritable disorder of autosomal dominant
transmission. The pathogenesis of the cysts, how-
ever, has not been defined, even though the disease
is regarded conventionally as a form of renal mal-
development. Microdissected specimens have been
interpreted as showing abnormalities in the branch-
ing and development of the collecting system [1], a
view that presumes the presence of tubular and duc-
tular abnormalities at birth, with seemingly progres-
sive cyst formation secondary to the enlargement of
existing cysts [2]. A different view has emerged
from experimental studies, which clearly demon-
strate that cysts can be induced in the normally de-
veloped kidneys of mature, though susceptible, lab-
oratory animals by a number of chemical agents [3-
11]. The traditional view of pathogenesis has con-
sequently been challenged by those who offer in its
place a dynamic concept of progressive cyst forma-
tion secondary to a nephrotoxic, cystogenic, meta-
bolic abnormality [4].
Morphologic studies in experimental models have
shown that an important pathogenic role in cyst for-
mation may be assigned to luminal obstruction
caused by small intratubular polyps resulting from
epithelial hyperplasia [11]. We now report the iden-
tification of similar epithelial polyps in human adult
polycystic disease, indicating for the first time that
the induced cysts in experimental models and the
spontaneous cysts in heritable human disease may
arise from similar pathogenetic mechanisms.
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Methods
Morphologic technique. Four nephrectomy spec-
imens were obtained at surgery from four patients
with typical adult polycystic disease. Portions of
cortex and medulla, including both cyst walls and
more solid areas of each kidney, were fixed in neu-
tral buffered formalin and embedded by standard
procedures in paraffin for routine sections and in
epoxy resin for semithin and thin sections. Six stan-
dard (2 cm3) sized blocks from each kidney were
embedded, and paraffin sections cut at 4 p. were
stained with hematoxylin and eosin and with the
Masson trichrome stain. Twelve different epoxy
sections from each kidney were cut at random lev-
els at approximately 1 p. and stained with a mixture
of methylene blue and azure II, and thin sections
were stained with uranyl acetate and lead citrate.
Specimens for scanning electron microscopy
were further fixed for 5 days in 2.5% glutaraldehyde
in a 0.75 M cacodylate and hydrochloric acid buffer.
Following fixation, the tissue was washed in the Ca-
codylate-hydrochloric acid buffer for 1.5 hours, de-
hydrated through a series of graded alcohols to
100% ethanol, and then fractured in liquid nitrogen
with a hammer and chisel. Subsequently, the tissue
was transferred in fresh 100% ethanol to a Samdri
critical-point dryer and dried with liquid carbon
dioxide. The specimens were attached to aluminum
stubs with a double-stick tape and placed in a Hum-
mer I (Technics) for coating with gold-palladium.
Specimens were examined and photographed with
an ETEC Autoscan scanning electron microscope
operating at an accelerating voltage of 20 kV. Ap-
proximately 24 pieces of tissue 0.5 cm3 in size were
examined from each kidney. In mounting, the tissue
was so positioned that tubules could be scanned
longitudinally along their lengths.
After being scanned, the tissue was removed
from the mounting stub, placed in propylene oxide
for 1 hour, and then routinely prepared as above for
semithin sectioning. This procedure was done on all
cysts that presented occluding polyps so that it
could be determined whether a given cyst was posi-
tioned proximally (upstream) or distally to the
polyp.
Case material: Case #1. A 55-year-old male pa-
tient had a history of renal polycystic disease with
renal failure of approximately 10 years' duration.
He had been under treatment by hemodialysis for
approximately 2 years. His serum creatinine con-
centration was 12.6 mg/dl. Embolization of the re-
nal artery was attempted because of severe gross
hematuria. Arteriography demonstrated a right re-
nal mass. A right nephrectomy confirmed the pres-
ence of renal cell carcinoma. His kidney weighed
1,405 g and was diffusely cystic. Subsequent clinical
examination revealed no evidence of van Hippel-
Lindau disease. The patient has since received a
renal transplant.
Case #2. A 46-year-old male patient had a history
of polycystic disease of approximately 20 years' du-
ration, and had been in renal failure for 2 years.
Serum creatinine was 14 mg/dl. A nephrectomy was
carried out because of gross hematuria. The kidney
weighed 2,900 g and was diffusely cystic. The pa-
tient subsequently received a renal transplant.
Case #3. A 44-year-old male patient had poly-
cystic disease of several years' duration. One kid-
ney was lacerated in a tobogganing accident, and he
developed chronic renal failure. His serum creati-
nine concentration was 13.5 mg/dl. A nephrectomy
was performed because of gross hematuria. His kid-
ney weighed 1,900 g. The patient has subsequently
been treated with hemodialysis.
Case #4. A 57-year-old male patient had adult
polycystic kidney disease known for 4 years. He
had received, twice weekly, hemodialysis for 19
months before undergoing successful cadaveric re-
nal transplantation. Two months later, because of
persisting urinary tract infection, both polycystic
kidneys, weighing 1,900 and 2,300 g, were removed.
Numerous cysts were infected with Escherichia
coli. Death from cardiopulmonary arrest occurred
23 months later. At postmortem examination, no
cysts or evidence of epithelial hyperplasia was
found in the transplanted kidney.
Results
Focal areas of epithelial polypoid hyperplasia
were observed within all four specimens by scan-
ning electron microscopy (SEM) and in routine
paraffin and semithin plastic sections (Figs. 1 and
2). Polyps were seen predominantly in small cysts,
1 to 2 mm in diameter, that were located in both the
cortex and the medulla. They were generally mul-
tiple within a single cyst and were sometimes clus-
tered. Single polyps were also noted. The epithelia
adjacent to polyps were flattened and atrophic in
some places, whereas elsewhere cells were cuboid-
al in shape or moderately hyperplastic.
Polyps existed in two forms. One consisted sim-
ply of an accumulation or piling-up of hyperplastic
cells. The other form possessed a central vascular-
ized core covered by hyperplastic cells (Fig. 3).
Polyps varied considerably in size, possessing ap-
proximately 5 to 20 cells and having diameters of 20
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Fig. 1. Semithin plastic section of a cyst from case #3. Numerous polypoid (arrows) structures are noted along the cyst wall. (Methylene
blue and azure II stain; magnification, x80)
Fig. 2. Scanning electron micrograph of a large cyst from case #2. A large group of polyps (P) of varying sizes are found along one side
of this cyst. The adjacent epithelia of the cyst appears moderately hyperplastic (arrow). (Magnification, x 180)
Fig. 3. Cross-section through several poiyps from case #2. Some polyps possess a central vascularized core surrounded by numerous
densely packed cells. (Methylene blue and azure II stain; magnification, X200)
to 150 jim. Some of the larger polyps appeared to
contain in aggregate more than 100 cells. Light mi-
croscopy showed the cells to be columnar or cu-
boidal without distinguishing histocytologic fea-
tures.
Scanning electron microscopy was used to char-
acterize cells forming the polyps. Most cells had
smooth apical surfaces, each with a single cilium
(Fig. 4). This type of cell is normally found in the
cortical and outer medullary collecting tubules.
Cells occasionally possessed numerous small mi-
crovilli with no cilia. Normally cells of this type line
the inner medullary collecting ducts. Cells forming
polyps were clearly continuous with and similar to
the cells of the adjacent cyst walls. Transmission
electron microscopy showed the continuity of tight
junctions of the cells in the cyst walls with those
forming the polyps. Occasionally a cyst was noted
to be surrounded by a collar of smooth muscle cells.
With the aid of the SEM, we determined the num-
ber and relationships of polyps to cysts along the
lengths of cystic nephrons (Table 1). Polyps were
often situated at the neck of the cysts, where the
lumens narrowed and where the polyps were in a
position to cause complete, partial, or intermittent
obstruction (Figs. 5 to 7). Some polyps occluded
over 80% of the tubular lumens (Fig. 5). Figure 6
shows a large cystic collecting duct containing a
small polyp positioned at the outflow end. The
polyp had a diameter of approximately 100 ,u. and a
vascularized core, and the adjacent cyst wall was
lined with hypeiplastic cells. These obstructing
polyps were found only along outer or inner medul-
lary collecting ducts. Polyps were present also on
the cyst walls away from areas of constriction
(Table 1). The identification of the tubular segments
containing the polyps and the relationship of
polyps-to-cyst outlet was confirmed by light micros-
S ae1
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Fig. 4. Scanning electron microscopy characterizing the cells forming the polyp from case #2. The cells have a few short microvilli and
one prominent cilium (arrows), a type normally found lining the outer medullary collecting tubule. (Magnification, x 2,200)
Fig. S. A polyp filling over 80% of the lu,nen of this outer medullary collecting tubule from case #4. This tissue subsequently was
embedded in paraffin and sectioned. The tubule was found to have a normal luminal diameter distal to the polyp but twice normal
proximal to the polyp. (Magnification, x 1,300)
copy of semithin sections of reembedded tissue.
Twenty to thirty percent of all polyps examined
were found to be located at cyst outlets by this tech-
nique (Table 1).
Discussion
Our observations confirm that epithelial prolifera-
tion occurs in the cysts and tubules of kidneys from
adults with autosomal dominant polycystic kidney
disease1 [12—20]. We present visual evidence that
clusters of hyperplastic cells project like polyps into
tubular lumens at or near sites of change in luminal
diameter. These findings are compatible with, but
do not prove, a working hypothesis that polypoid
hyperplasia participates, by causing partial luminal
obstruction, in cyst formation [11].
The suggested causes of renal cystic disease are
multiple. None has proven universally acceptable.
Epithelial proliferation in polycystic disease has
been recognized for at least a century [12]. For dec-
ades it was considered in the etiology of cyst devel-
opment [13—20]. Its presence was cited in support of
Hereinafter, this will be referred to as polycystic disease. We
do not ascribe, as have earlier writers, to the generic use of the
word 'polycystic"to describe any kidney with numerous cysts.
the neoplastic origin for polycystic disease. Its pop-
ularity as a cause has wanned. Obstruction or uri-
nary retention has been another favored thesis to
account for cyst formation [21—23]. Failure, how-
ever, of microdissection studies to demonstrate in
cystic nephrons any discontinuity or consistent oc-
culsion by casts or crystals stimulated efforts to find
other explanations [24, 25]. An early study of the
dynamics of cyst fluid concluded that cysts are con-
nected to patent nephrons, but no evidence was
presented of communication between cysts and re-
nal urine [26]. In early writings, the possibility that
epithelial cell proliferation might cause nephrons to
become partially, not totally, obstructed received
little if any attention. It was not listed among the
Table 1. Number of focal and obstructing polyps seen in dilated
or cystic tubules viewed by scanning electron microscopy
Case
no.
No. of dilated or cystic
tubular segments examined
Total no. of
polyps seen
No. of
obstructing
polypsa
1 26 17 4
2 33 31 8
3 28 18 4
4 31 10 2
These are defined as those polpys located at the cyst outlet.
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Fig. 6. A large cyst running from upper right to lower left from case #1. Several polyps are seen along the cyst wall at the upper right
(arrow), and a small polyp (P) is found at the point where the tubule narrows to a normal diameter. (Magnification, x 40)
Fig. 7. Scanning electron micrograph of the same small polyp shown in Fig. 8. The poiyp is approximately 100 s across, and it possesses
a central core. The cyst wall adjacent to the polyp is hyperplastic. The cyst narrows toward the left. (Magnification, x 300)
hypotheses reviewed or set forth by Lambert [24] or
by Osathanondh and Potter [23, 27].
Two proposals for the genesis of cysts in poly-
cystic kidney disease come from recent work with
laboratory models. Darmady, Offer, and Wood-
house suggested that a long-acting, genetically de-
termined, nephrotoxic metabolite causes cycles of
epithelial degeneration, desquamation, and regener-
ation, such that concentric expansion of affected tu-
bules leads to cyst formation [4]. Evidence of a cys-
togenic metabolite in polycystic disease is lacking,
however, and there has been no report to date of
recurrence in normal kidneys that have been trans-
plated into recipients who suffered originally from
polycystic kidney disease.
Carone et al proposed that the basic defect is an
altered compliance of tubular basement membranes
[5] and suggested that cysts form as a consequence
of normal transmural pressure gradients acting on
abnormally distensible tubular walls. This proposal
does not account for the relatively high frequency
with which increased hydrostatic pressures are
noted in cysts in both experimental and human dis-
ease [8, Il, 28, 29].
Against this background, we examined diphenyl-
amine- and nordihydroguaiaretic acid-induced dis-
ease in rats and found evidence of partial obstruc-
tion [8, 11]. Intraluminal hydrostatic pressures in
these models are selectively increased or rise dis-
proportionately with microperfusion of cystic neph-
rons, findings that are best explained on the grounds
that resistance to urinary outflow from cystic chan-
nels is increased. During a search for its possible
cause, we noted epithelial proliferation and micro-
polyp formation. Foci of hyperplastic cells fre-
quently were seen at sites where luminal diameters
changed abruptly from virtually normal to clearly
cystic [8, 11]. We reasoned, first, that these micro-
poiyps were a likely cause of partial obstruction
and, further, that if they reflected a basic patho-
genetic mechanism for renal cyst formation, they
should occur in a variety of cystic renal diseases.
The search for polypoid hyperplasia in adult poly-
cystic kidney disease, whose outcome we report
here, was the extension of these deliberations.
Although the appropriateness of its application to
human disease can be challenged, evidence is avail-
able from rat studies on which to base answers to
two important questions about polypoid hyper-
plasia and its relation to cyst formation: Does hy-
perplasia precede or does it accompany or follow
cyst formation? Does it occur at a site where it ap-
propriately might be expected to increase resistance
to the outflow of urine?
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In the experimental models, hyperplasia and
poiyp formation occur before nephron dilation and
cyst formation [8, 11], indicating that epithelial pro-
liferation may be a cause but clearly is not a con-
sequence of cyst development. Furthermore, prolif-
eration appears first along collecting ducts. The col-
lecting system was identified functionally by
Gottschalk and Mylle as the segment principally de-
termining the intranephronic hydrostatic pressure
in more proximal segments in the normal (rat) kid-
ney [30]. The collecting duct further was identified
by Osthanondh and Potter as the site of principal
involvement in all forms of cystic renal disease [27].
Admittedly, evidence favoring a role for polypoid
hyperplasia in the etiology of renal cystic disease is
circumstantial. Papillary epithelial hyperplasia does
occur in other forms of human renal cystic disease
in addition to those already mentioned. It has been
observed in a form of apparently nonhereditary, lo-
calized renal cystic disease [31]. Cyst formation and
disordered growth patterns of renal tubular epithe-
hal cells also have been described in kidneys of indi-
viduals on long-term hemodialysis [32-35]. In the
best documented dialysis series, papillomas were
found in 6 of 14 cystic kidneys out of 30 pairs exam-
ined [32]. Dialysis is not a factor contributing to hy-
perplasia because cellular proliferation and micro-
polyps are found in kidneys of individuals who nev-
er have undergone such therapy [12, 14]. To date,
therefore, polypoid hyperplasia has been demon-
strated in heritable (this study and Ref. 11) and ac-
quired [9, 11, 32] renal cystic disease in rats and
man.
The apparent ubiquity of polypoid hyperplasia in
renal cystic disorders that occur in different species
and that are of patently different etiologies supports
on a guilt-by-association basis, but certainly does
not prove, a role for polypoid hyperplasia in the
pathogenesis of these conditions. The presence of
polypoid hyperplasia in adult polycystic kidney dis-
ease highlights the necessity of reopening to further
consideration the possibility that this renal cystic
disorder is a form of obstructive uropathy.
Against a significant role for polypoid hyperplasia
in the pathogenesis of cystic disease, is evidence
from several sources. Obstruction is not demon-
strated by classical anatomic studies [23, 24, 27].
Cysts appear to communicate with many channels
[26]. Intracystic pressures are not always elevated
[36]. Polyps are not always found at the outlets of
cysts. This evidence, too, is open to challenge,
however.
Failure to consider a possibility that polypoid hy-
perplasia might increase outflow resistance without
causing total occlusion can explain why its presence
was not sought nor emphasized in earlier studies.
Polyps are sufficiently small to be overlooked dur-
ing microdissection or missed by transverse sec-
tioning of the kidney. Unless their central core
structure is appreciated, they can be considered to
be infoldings of cyst linings.
An absence of consistently elevated intracystic
pressures could occur if other factors become oper-
ative after a cyst is established and allow pressures
to return toward or to normal. These include re-
duced GFR, increased intracystic water reabsorp-
tion, and increased mural compliance as a con-
sequence of lengthening and thinning of the original
wall. Some workers have demonstrated elevated in-
tracystic pressures in vivo in polycystic kidneys
[28, 39]. Others have not [36]. It is the fact that pres-
sures sometimes are elevated that is relevant to the
hypothesis.
Apposition of polyp to cyst outlet also is not pre-
requisite. In both the experimental models and
man, hyperplasia and micropolyps are found along
tubules and on cyst walls at sites where luminal di-
ameters do not change abruptly. Hyperplasia at
these locations may be explained by one of several
possibilities. First, a polyp that at one time was ob-
structive might be supplanted by a second polyp lo-
cated more distally along the tubule. As dilation
caused by the newer obstruction progresses, the ini-
tial polyp might find itself carried outward onto
what ultimately is seen as a cyst wall, upstream
from the second polyp. Second, given the dichoto-
mous branching of nephrons [37], a single polyp at a
critical point, along a single collecting duct for ex-
ample, could influence pressures in all confluent
nephrons, causing them to dilate without any polyp
in the immediate vicinity. Third, epithelial hyper-
plasia in response to the causative factor is multi-
fold and not restricted to one point in a duct.
Polypoid hyperplasia and epithehial proliferation
also are described in hypokalemic nephropathy
[38]. The lesions are similar, morphologically, to
those we have found in the cystic kidney. Nephron
dilation does occur in the potassium-deficient kid-
ney, perhaps to the point of actual cyst formation
[38, 29]. Potassium deficiency, however, is not a
feature of adult polycystic disease. Furthermore,
analyses of renal tissue from diphenylamine-in-
duced disease in rats do not show that tissue con-
tents or concentrations of potassium are reduced in
either cortex or medulla [9]. For the present, we can
only speculate that perhaps potassium deficiency, a
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heritable renal cystogen, and some diphenyl com-
pounds act independently to cause a final common
result of collecting tubular cell proliferation. The
nature of the insult and its exact mode of action re-
main to be defined.
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